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Introduction
The proton glass state was discovered by Courtens [l] in 1982 in mixed Rbt-,(N&),HzP04 (RADP) crystals, composed of ferroelectric RbHZP04 (RDP) and antifemoelectric NH4H2Po4 (ADP) . The presence of this state, characterized by the disappearance of long-range order and the existence of short-range order within clusters [2j, has also been shown for the isomorphous arsenate crystal Rhl-x(NH4),H~As04 (RADA) by Trybufa et al [3-61 and confirmed by other authors [7, Sj. The presence of this state was also reported for the deuterated forms DRADP [9, 10] and DRADA [ l l , 121 . Recently much attention has been paid to investigation of the coexistence of the glass and ordered states [6,12j, which is expected to contribute to explaining the phenomena leading to the formation of the proton glass state.
This work has been undertaken to study the region of coexistence of the ferroelectric state and proton glass state in a & .~~( N H~)~. Z~H Z A S O~ ( M A -2 3 ) crystal.
Experimental method
The crystal studied in this work was grown from an aqueous solution of KHzAs04, (KDA) and N H~H~A s O~ Wayne Kerr analyser. The temperature of the studied samples was measured by a Lake Shore Cryotronic DT-500 Si diode thermometer.
Results
The temperature dependence of the real part of the permittivity E: measured along the a axis is shown in figure 1 figure l(b) ). Figure 2 presents the temperature dependence of E: measured along the ferroelectric c axis. At 300 K E: = 20 and with decreasing temperature of the sample, as is the case of measurements along the a axis, E: values increase following the Curie-Weiss law:
where C is the Curie-Weiss constant and Tcw is the Curie-Weiss temperature. The values of these parameters were found to be C = 2185.4 K and T w = 58.9 K. Deviation from the CurieWeiss law was observed at 67 K, whereas below 61 K dispersion of E: began (figure 2(b)). The temperature dependence of the inverse of the real part of the permittivity, described by (l), is shown in figure 3: In figures 2(a) and 3 the Curie-Weiss dependence is marked with a solid line. The temperature dependence of the imaginary part of the permittivity measured along the a axis, shown in figure 4 for a few frequencies, revealed below 40 K a dispersion characteristic for proton glass. These dependences were approximated by a Gaussian shape, according to the equation (2) where T,(v) is the temperature at which E:' reaches a maximum value for a given frequency, and 2 4 is the width of the Gaussian curve. From the Tg values obtained in this way for all frequencies of the measuring electric field we could determine the Vogel-Fulcher dependence for this relaxation process:
where To is the Vogel-Fulcher temperature at which the system is completely frozen, Ec is the activation energy needed for reorientation of electric dipoles in a cluster, and v, is the cut-off frequency. dependence for the measurements along the a axis is shown in figure 5 . The character of the temperature dependence of E:( measured along the ferroelectric c axis is much more complex. Figure 6 presents the dependences for a few frequencies. Assuming a Gaussian where A and E are the amplitudes of the Gaussian curves, 2A1 and 2An are their widths, and T , l and T,II are the temperatures at which 8; reaches a maximum. Figure 7 presents the c o m e of the temperature dependence of E; for a frequency of 1 H z . The solid line represents the fit according to (4) while the dotted and the broken lines illustrate a decomposition of $(T) into two Gaussian curves. For each of the studied frequencies we obtained a similar course of E:(T). The character of these courses indicates the existence of two different relaxation mechanisms, each described by a Vogel-Fulcher dependence. The relaxation occurring at higher temperatures (the dotted line in figure 7 ) is related to the freezing of the motion of ferroelectric domain walls and the best fit to (3) was obtained for the parameters Tol = 34 K, Ecl = 7.7 K and u,l = 6.8 x IO5 Hz (figure 8). The other relaxation process (the broken line in figure 7) is also described by (3) but for'different parameters: To2 = 20.5 K E,z = 13.4 K; U& = 5.6 x IO6 Hz (figure 9).
Discussion and conclusion
The results of temperature measurements of complex permittivity E' = E' -is" in a the cluster, the lower the activation energy of the process and the higher the Vogel-Fulcher temperature TO at which the dipoles are completely frozen in the cluster. A similar effect of the occurrence of two different relaxation mechanisms has been recently observed in deuterated DRADA. x = 0.39,0.46 [12, 14] in the region of coexistence of the antiferroelectric and proton glass states. In conclusion we can say that OUT measurements of complex permittivity E* = &'-id' in a mixed & .~~( N H~) o .~~H~A s O , , crystal along the a and c axes prove the coexistence of the ferroelectric and the proton glass state in the crystal, and the occurrence of different kinds of cluster of local ordering (proton glass and relaxor clusters) and ferroelecaic domains.
